Measurements have been made on four sets of rocks, two of which showed anisotropy of magnetic susceptibility and two were isotropic. The maximum and intermediate principal susceptibilities lie in the cleavage plane for some Welsh slates and in the horizontal plane for some igneous rocks of the Skaergaard layered intrusion. In both cases the directions of natural remanent magnetization have been affected. The two sets of isotropic rocks are from the northern Pyrenees and Deccan of India respectively. Both may have been affected by stress environments, the nature of which did not cause measurable anisotropy. It is unlikely that the directions of natural remanent magnetization have been affected for these rocks.
I. Introduction
Apart from the classical work of Ising (1943) on the susceptibility anisotropy of the varve clays of Sweden, few detailed studies have been made of the anisotropy of magnetic susceptibility of rocks. Graham (1954) found the maximum susceptibility lies in the bedding plane for some sediments but perpendicular to the bedding plane for some folded ferruginous sandstones. He also found some diabase dykes which showed 0.1 to 10 per cent anisotropy. Howell & others (1958) obtained similar results for sediments and found the plane of maximum susceptibility to lie in the foliation plane for some metamorphic rocks. Hargraves (1959) made a study of the susceptibility anisotropy and remanent magnetization of the Allard Lake haemo-ilmenite deposits of Quebec and found the plane of maximum susceptibility coincides with the preferred crystallographic grain orientation of titan-hematite and the remanent magnetization lies in or near this plane.
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At the Department of Geodesy and Geophysics, Cambridge, measurements of susceptibility anisotropy have been made on several different rock types using an a.c. bridge. With this apparatus differences of susceptibility of 2 per cent may be reliably measured. The experimental method and computational procedure have been described separately (Girdler I 96 I). For small fields, the anisotropy of susceptibility may be represented by an ellipsoid, the lengths of the principal axes being proportional to the maximum, intermediate and minimum principal susceptibilities. T o help visualize the degree of anisotropy the results are presented by giving the ratios of the m~ximum : intermediate : minimum susceptibilities. Throughout, special reference is made to the effect of susceptibility anisotropy on the directions of natural remanent magnetization.
Welsh slates
The susceptibility anisotropy of two specimens of Welsh slates of Ordovician age was measured and the ratios of maximum/minimum and intermediate/minimum susceptibilities are given in Table I . The directions of the three principal suscepti- Preliminary measurements of anisotropy of magnetic susceptibility of rocks I 99 angles to the cleavage. The natural remanent magnetization was measured using an astatic magnetometer and was found to lie within 10' of the cleavage for both specimens. This work has been continued by Fuller who has obtained similar results for 50 specimens.
X-ray and Curie temperature studies (Fuller 1960) indicate that the main ferromagnetic constituent is pyrrhotite (FelzS) for slates with ratio of maximum/minimum susceptibility greater than I -4. Microscopic examination showed the pyrrhotite to be in the form of platey grains lying parallel to the cleavage. As pyrrhotite has an easy plane of magnetization the observed anisotropy of the slates is most likely due to the alignment of pyrrhotite grains with their high susceptibility basal planes parallel to the cleavage.
Skaergaard rocks
The anisotropy of susceptibility has been measured for seven orientated samples from the Skaergaard intrusion of east Greenland, the structure and petrology of which have been described by Wager & Deer (1939) . The rocks are ferro-gabbros, which contain pyroxenes and olivines abnormally rich in combined iron. The 
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Skaergaard intrusion is famous for its gravitational layering and the samples studied showed typical layered structure. Fourteen cylinders were machined from samples provided by Professor Wager. For all specimens the minimum susceptibility is found to differ appreciably from the maximum and intermediate susceptibilities. e.m.u ./g .
The directions of the principal susceptibilities are given in Table 2 , where the mean directions have been computed using the method described elsewhere by the author (Girdler 1961). Figure 2 shows the directions of the maximum, The scatter of the directions of principal susceptibilities is related to the differences between their magnitudes. Since the minimum susceptibility is considerably different from both the maximum and intermediate susceptibilities, the directions of minimum susceptibility are closely grouped; but since the magnitudes of the maximum and intermediate susceptibilities are nearly equal, their directions are widely scattered in the horizontal plane.
The susceptibility anisotropy is consistent with the petrology and fabric of the rocks. Vincent & Phillips (1954) have studied the opaque minerals and Chevallier & others (1954) show that cubic titano-magnetite is the main ferromagnetic constituent. As titano-magnetite is magnetically isotropic, the observed anisotropy should be due to the shape and distribution of these grains. Plate I shows photographs of four polished sections. (a), (b) and (c) are horizontal sections and (d) is a vertical section. As titano-magnetite has high reflectivity, the grains appear white and their shape can be easily studied. The horizontal sections reveal that the titano-magnetites are approximately equidimensional in the horizontal plane but the vertical section shows that the grains are flattened and may be distributed in layers. Measurements have been made of the grain shape (Uyeda & others 1961) and it was found that the observed anisotropy is in excellent agreement with that calculated from the shape of the grains. I t is concluded that the susceptibility anisotropy of the Skaergaard rocks is due to the preferred alignment of slightly oblate titano-magnetite grains in the horizontal plane.
The natural remanent magnetization was measured for the fourteen specimens and all were found to be reversely magnetized. The mean directions for each sample are shown by open circles in Figure 3 .
Uyeda (see Uyeda & others 1961) , carried out a series of heating experiments on a set of magnetite disks and on one of the Skaergaard specimens. The specimens were heated in a nitrogen furnace to above their Curie temperatures and cooled in the present geomagnetic field. For the magnetite disks, the thermal remanent magnetization deviates from the direction of the external field towards the plane of maximum susceptibility, the deviation increasing as the shape factor increases. A similar effect was observed for the Skaergaard specimen, the deviation from the ambient field being approximately 5'. Thus it was found that the directions of n.r.m. do not represent the direction of the Earth's magnetic field at the time of cooling of the rock.
The deviation can also be studied by a graphical consideration of the directions of natural remanent magnetization and principal susceptibilities of all the samples. It has been shown experimentally that the direction of thermal remanent magnetization migrates away from the direction of the ambient field towards the plane of maximum susceptibility. Therefore, it may be assumed that a great circle passing through the directions of remanent magnetization and minimum susceptibility should pass through the ambient field direction. As the degree of preferred orientation is different for each sample the effect will differ and a set of great circles will be obtained which should ideally intersect at a common point which is the direction of the ambient field at the time of cooling of the rock. This has been done in Figure 3 where the directions of n.r.m. and minimum susceptibility for each sample have been joined by great circles. The mean directions and 95 per cent circles of confidence (Fisher 1953) approximately 1 4 ' . It is also noted that although the difference between minimum and maximum susceptibilities is sufficient to cause a deviation of the direction of n.r.m. from that of the ambient field, it seems from Figure 4 that the difference between maximum and intermediate susceptibilities is too small to cause any appreciable effect.
Lower Jurassic volcanic rocks from the Northern Pyrenees
The susceptibility anisotropy has been measured for 25 samples of some igneous rocks from the northern foothills of the Pyrenees. These were chosen as part of the preliminary study to see if igneous rocks which have been subjected to orogenesis show preferred directions of susceptibility anisotropy. If any preferred directions exist, it seemed possible that these would be related to the Alpine fold directions of the Pyrenees. and the minimum susceptibility is I 550 x Io-6e.m.u./g. The directions of maximum susceptibility show no significant preferred orientation either before and after corrections have been applied for geological strike and dip. This is to be expected as the rock specimens are almost isotropic and the directions of their principal susceptibilities are therefore poorly determined.
At the second locality (south-east of Bayonne) samples were collected from a basaltic lava flow at two sites. Of the 18 samples, 13 were found to be reversely magnetized. The mean anisotropy of susceptibility for 15 rock cylinders is: maximum : intermediate : minimum = 1.065 : 1.034 : I and the minimum susceptibility x = 520 x Io-Be.m.u./g. Again, the directions of principal susceptibilities show no significant preferred orientation agreeing with the very small degree of anisotropy.
It is concluded that the pressures and temperatures associated with the Alpine folding did not cause a significant shape or crystallographic alignment of the ferromagnetic minerals.
Deccan Trap Rocks of India
Clegg and his co-workers in London have made a magnetic study of the Deccan Trap rocks of India. The rocks are mainly basaltic lavas and range in age from Eocene to possibly late Jurassic.
Studies of the natural remanent magnetization of these rocks have been des- Their results are summarized in stratigraphical order in Table 3 . Table 3 Mean directions of natural remanent magnetization for Deccan Tra? Rocks To investigate further the first possibility, the susceptibility anisotropy has been measured for 26 specimens which represent a sampling throughout the whole succession of lavas. It was hoped to reveal any systematic variation of susceptibility anisotropy corresponding to the variation in magnetic inclination and if possible to relate this to the depth of burial.
The results are given in Table 4 . The value of x ranges from 285 to 3 530 x 10-6 e.m.u./g. The largest difference between maximum and minimum susceptibilities is found to be 3-6 per cent and the mean percentage difference between maximum and minimum susceptibilities is I -6 per cent. Inspection of the ratios of the principal susceptibilities shows that the susceptibility is almost isotropic and the directions of the principal axes are therefore almost random.
It is concluded that the stresses associated with the depth of burial of the lavas were insufficient to cause shape or crystalline magnetic anisotropy and it is unlikely that the directions of natural remanent magnetization have been significantly affected by this cause.
Conclusions
Measurements for susceptibility anisotropy have been made for four sets of rocks. Two of these showed anisotropy whilst the other two were isotropic within the limits of the measuring apparatus. Of the two sets of anisotropic rocks, it is established that the anisotropy is due to different causes; to crystalline effect and shape effect respectively. For the Welsh slates the maximum susceptibility, intermediate susceptibility and natural remanent magnetization all lie close to the cleavage plane. The susceptibility anisotropy is due to the preferred alignment of pyrrhotite grains which possess an easy plane of magnetization.
For the Skaergaard rocks, the maximum and intermediate susceptibilities lie close to the horizontal plane and the anisotropy is found to be due to the shape and distribution of isotropic titano-magnetite grains. The natural remanent magnetization of these rocks deviates from the ambient field but it is possible to determine accurately the direction of the past field from a knowledge of the susceptibility anisotropy and the directions of natural remanent magnetization. It is noted that anisotropy may be a factor contributing to the scatter in directions of natural remanent magnetization for some igneous rocks (Figure 3) .
For the Pyrenees and Indian rocks, it is concluded that conditions of pressure and temperature during their history have been insufficient to cause susceptibility anisotropy and the natural remanent magnetization has been unaffected by this cause. This does not exclude the possibility that the remanent magnetization may have been affected by some other mechanism.
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In general, the fabric of igneous rocks will have been attained at temperatures higher than the Curie temperature of the ferromagnetic minerals which may be present. If susceptibility anisotropy exists, the natural remanent magnetization will contain a component of the ambient field and it is possible to determine the direction of the Earth's past field from a knowledge of the susceptibility anisotropy and natural remanent magnetization. Conversely, if a rock has been subject to temperatures higher than the Curie temperature of the minerals present during deformation, the natural remanent magnetization will contain a component of the Earth's field during the time of deformation. It is likely that similar considerations apply to chemical remanent magnetization.
